H ip resurfacing arthroplasty is an established surgical option, particularly for active patients with end-stage degenerative hip disease. Early and midterm reports of hip resurfacing from surgeon-designers and independent centers showed 5-year survival rates of 95% to 100% and 10-year survival rates of 88% to 97%.
H ip resurfacing arthroplasty is an established surgical option, particularly for active patients with end-stage degenerative hip disease. Early and midterm reports of hip resurfacing from surgeon-designers and independent centers showed 5-year survival rates of 95% to 100% and 10-year survival rates of 88% to 97%. [1] [2] [3] [4] [5] Hip resurfacing has a number of potential advantages compared with total hip arthroplasty (THA), including return to higher activity levels, less activity-related thigh pain, and fewer complications with postoperative limb length discrepancy. [6] [7] [8] [9] However, concerns about complications, such as aseptic lymphocytic vascular and associated lesions, adverse local tissue reaction, osteonecrosis, and femoral neck fracture, raised questions about the indications for hip resurfacing. Data suggest that sex may be a factor to consider when performing this procedure; most series reported less favorable results in women than in men, as reflected by a higher incidence of femoral neck fractures and formation of aseptic lymphocytic vascular and associated lesions. 5, 10 Compared with THA, fewer patients with hip arthritis qualify as reasonable candidates for hip resurfacing. 11 Previous authors suggested that women are not good candidates for hip resurfacing because they have a higher incidence of complications. 3 This study reports the outcomes of patients treated with a Birmingham Hip Resurfacing System (BHR; Smith & Nephew, Memphis, Tennessee) and identifies the prevalence of complications and failures.
This study reported the outcomes of patients treated with the Birmingham Hip Resurfacing System (Smith & Nephew, Memphis, Tennessee) to identify the prevalence of complications and failures. A retrospective review of 202 patients (206 hips) was performed. Outcomes were assessed clinically with Harris Hip Score at 6 and 12 months and then yearly. Subanalysis was performed, with the hips divided according to patient sex and size of the femoral component. Mean patient age was 51±8 years, and mean follow-up was 4±1.6 years. Of the patients, 163 were men (83%) and 35 were women (17%). Postoperative improvement was significant, with preoperative Harris Hip Score of 62.9±10.6 and postoperative Harris Hip Score of 98.6±6.7 (P<.001). There were 9 patients (4%) who had complications. A total of 5 hips (2.4%) underwent revision. At 3 years, mean survival was better for men than for women (99% vs 92%, respectively or obesity class I, II, or III). All patients were prospectively followed with Harris Hip Score. Only patients with a minimum of 24 months of follow-up were included.
Patient Data
Of the 214 patients, 12 patients could not be reached for follow-up. This resulted in a final cohort of 202 patients (206 hips). Average patient age was 51 years (range, 31-75 years). The study group included 167 (83%) men and 35 (17%) women. Of these patients, 36 (17%) had previous surgery, including hip arthroscopy, periacetabular osteotomy, open osteochondroplasty, and open reduction and internal fixation for acetabular fracture. Primary osteoarthritis was the most common diagnosis (202 hips, 98%), followed by osteoarthritis as a result of dysplasia (2 hips, 1%) and osteonecrosis (2 hips, 1%). All procedures were performed by a surgeon who was trained in the BHR procedure (M.R.D.), and all patients received the same components (BHR; Smith & Nephew). In all cases, a posterior surgical approach was used, as described by McMinn et al. 12 Harris Hip Score (range, 0-100, with 100 denoting the best outcome) was obtained prospectively for all patients during follow-up. 13 Implant survival for the entire cohort was established at 4 years, with failure defined as revision surgery. 13 Implant survival and patient-reported outcomes were established for different subgroups. Subanalysis was performed, with the hips divided according to sex and component size range. Patients were grouped on the basis of femoral component diameter, from small to large, with the following categories: less than 46 mm, 46 to 48 mm, 50 mm, and greater than 50 mm.
Statistical Analysis
Descriptive statistics were calculated according to standard methods, including frequency, mean, standard deviation, and range when appropriate. Clinical outcome scores were analyzed at 2 time points: preoperatively and at the most recent follow-up. Improvement in score was calculated with paired Student's t test. Subgroup analysis was performed with 1-way analysis of variance with the Tukey post hoc test to determine differences among subgroups. Survival analysis that considered time to revision was performed with Kaplan-Meier survival. Statistical significance was set at P<.05. Statistical analysis was performed with GraphPad software (GraphPad Software, Inc, La Jolla, California).
results

Clinical Assessment
Mean follow-up was 4 years (SD, ±1.6). Overall statistically significant improvement (pre-to postoperative) was seen in Harris Hip Score (62.9±9.6 to 98.6±8; P<.001). Statistical improvement was seen as early as 6 months (Figure 1) .
Subgroup Analysis
No statistical difference in the change in Harris Hip Score was noted between men and women. Both men and women showed statistically significant clinical improvement at the time of the last follow-up. In contrast, the survival rate was statistically different between men and women, with 99% survival for men and 81% for women at 4 years ( Figure  2) . The most conspicuous differences in complications and survival rate were found between groups of different component sizes (Table 1 and Figure 3) . Iliopsoas tendinitis was diagnosed clinically by a positive bicycle test result and pain with resisted flexion of the hip. Ultrasound-guided lidocaine injection was used for confirmation. One patient had limited flexion and pain on impingement test and radiographic signs of heterotopic ossification. Persistent pain was defined as persistent hip pain without any sign of metal-on-metal reaction or another major complication. The number of patients in each femoral head size group was as follows: 46 mm (n=9, all women); 46 to 48 mm (n=19, 1 man and 18 women); 50 mm (n=58, 55 men and 3 women); and greater than 50 mm (n=120, 113 men and 7 women). The distribution is shown in Table 2 .
Conversion to Total Hip Arthroplasty
Complications were inversely related to femoral head size. A total of 5 failures (2.46%) occurred, and all cases were fully converted to THA (removing the metal-onmetal surface). Two failures were converted to THA as a result of femoral neck fracture. 
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One was converted as a result of avascular necrosis. The fourth case was converted to THA because of persistent pain after the index procedure. The fifth case was converted because of aseptic lymphocytic vascular and associated lesions ( Table 2) .
discussion
This study showed that midterm survival of BHR implants can be achieved in active patients with hip osteoarthritis. Based on short-term data, in the current study, with mean follow-up of 4 years, survival rates were 99% in men and 81% in women. The results showed that indications in women should be selective, given the lower survival rates (81%) in women, particularly those with a smaller femoral component diameter (<46 mm). The data suggest that the BHR procedure is not an optimal choice in women with a femoral component diameter of less than 46 mm.
The current study had limitations. It was a retrospective investigation and reported short-term outcomes. However, an experienced single surgeon using a standardized indication and surgical technique in an established population performed all procedures, thus allowing consistency that is not found in a cross-sectional registry database.
When different national registries are analyzed, revision rates and complications may differ. The Nordic Arthroplasty Register Association, including Danish, Swedish, and Norwegian cases, reported a revision rate of 2.4% at 2 years vs 1.1% for THA. 14 The current study reported a similar revision rate (2.3%). The Nordic report included multiple implants (Durom, Zimmer, Warsaw, Indiana; ASR, DePuy, West Chester, Pennsylvania; BHR, Smith & Nephew; 2000 HAP, Stryker, Kalamazoo, Michigan; Recap, Biomet, Warsaw, Indiana; and Cormet, Corin, Tampa, Florida). Contrary to this report, the current study included only the BHR procedure, which has the lowest reported fracture and revision rates. 4 Prosser et al 15 examined 12,903 hip resurfacing procedures performed in Australia between 1998 and 2009. As in the current study, women had a higher revision rate than men. However, after adjustment for femoral component size, revision rates were similar. Femoral implants with a head size of less than 50 mm had a higher revision rate than those with a diameter of 50 mm or greater. In the current study, femoral component diameter of less than 46 mm was associated with a higher rate of complications and revision.
Analysis of the British National Joint Registry by McMinn et al 16 included 283,365 procedures, with a mean followup of 3.6 years (range, 0.01-9.7 years). The objective of this analysis was unlike those of other registries. It not only studied revision rates after adjustment for sex, age, implant size, and American Society of Anesthesiologists grade but also evaluated the mortality rate. After adjustment for all known risk factors associated with revision surgery, mortality in men was statistically lower for the BHR implant compared with a group of patients treated with uncemented THA. The authors concluded that for every 23 men treated, 1 less death will occur in the BHR group compared with the cemented THA group at 6 years of follow-up. 16 In the current study, all patients received BHR implants. Murray et al 3 published a multicenter study of 5000 hips and reported survival rates of 96.3% at 7 years and 95.3% at 10 years, with a 3.6% revision rate. Revision rates were significantly higher in women. 3 Femoral neck fracture and persistent pain were the most common types of failure among women. As noted in the current study, women with a small femoral component diameter (<46 mm) had the worst outcomes of any subgroup. Nawabi et al 17 retrospectively performed magnetic resonance imaging evaluation of asymptomatic vs symptomatic patients after metal-on-metal hip resurfacing arthroplasty. Of the 69 patients included (74 hips), 84% received a BHR implant. As in the current study, unexplained pain was more prevalent in women. Magnetic resonance imaging confirmed that the proportion of women was higher among patients with adverse local tissue reaction. However, these authors did not report the size of the femoral component in this female population. Amstutz et al 4 reported clinical and radiographic results of metal-on-metal hip resurfacing, with 10-year survival of 88%. As in the current study, survival rates were statistically poorer for patients with a femoral component diameter of less than 46 mm, body mass index of 25 or less, and femoral defect size of greater than 1 cm compared with less than 1 cm. 4 Smaller implants and female sex were associated with significantly lower survival and inferior functional outcomes. A variety of variables may contribute to this finding, including gait pattern, greater flexibility, and susceptibility to a metal reaction. Smaller implants are more sensitive to component malorientation and are more likely to have a greater reduction in femoral head size during the procedure. 17 Both factors are associated with increased wear and failure. 16, 18, 19 In the United States, when the BHR implant was initially approved, implants were available only in 4-mm increments, and preferred practice in cases where 2 sizes were possible was to downsize the femoral head to preserve acetabular bone. Currently, with additional size increments allowing more accurate sizing, the risk associated with the use of excessively small implants may decrease. However, further work is needed to improve results with smaller implants.
conclusion
This single-surgeon retrospective study showed good results with BHR implants at 4 years in active patients with hip osteoarthritis. This finding suggests that this treatment is a good option for active patients. Conversely, survival and outcomes in women, particularly those with modest bone size, are inferior. Therefore, the authors do not recommend resurfacing in women with femoral head diameter of less than 46 mm.
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